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The Reactive Bed Plasma Syztem for Contamination Control

Ly Joseph G. Birmingham, RKobert K. Moore and Tony R. Fawn-y

Introduction

I Audust 1987, NatA orovidedil the Plasma Group at the
Jhemica. Rzgearch, leve.opmernt and EZngilneer.rng Cer..er (CADECT =z
-13% 2 rremicalzs tneludini L:izeidz, vapors, and particusa‘tes
“hat oare antLIipacec %o Tauge <Iinsamination probl.ems atoard the
Jpare Shastioin (L . CRIZC has se.ezcted zevera., i thesze compcunds
~1 wert an o Lrnvention described &g the Reactive Bed Piasma
REISRE S o The objective o: this paper 18 to summarize the
fcnta~ination Cconiro. capavi.ities of the Reactive Becd Flasma
LE3F) sysctem ty del:in2ating “he results of “toxX:C chemical
SETIMRPUELT.en 3wudilies. aeroso. fiitration work, anc ovther
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Description of ..eactive Bed Plasma

Aeaciive Bef Fiasma (KBP) was 1nvente. at the
sez2~ch, Desveiopmen% and EZng:neering Center (CRDEC) to
: eathable a:ir i chemical and biologica' warfare
ironmens The RXBY s a synergistic combination of a plasma
ter .on:zed gas) and cataiytic technologies to produce an air
pur:fication system. The catalytic pack:ng material’'s main
function :8 to fac:il:itate an increased amount of time :1n the
active piasma region for contaminant molecules i1n a flow.ag air
gstream. The plasma generated high energy electronsg and
subsequently produced species decompose %0ox1C materia.s. In
addirt:ion, the RBP can perform as a h:ighly efficient electrostatic
prec:.pirtator %o coliect and eventually deactivate hazardous
particu.ate material. Since, the RBFP can handle tox:ic chemi-als
as well as hazardous aerosols, 1t can be described as an
universal fiiter.

It 1s understcod that trade-offs exi15t for any new
technology. Some disadvantages of the RBP ccncept 1nclude the
emission of eleciromagnetic nolse (necessitating the shielding ot
the device), high voitage hazards and the treatment of reaction
products. The advantages of the RBP include the  tential for
operating as an efficient, low temperature, long-liv:d, minimal
energy-congumption, universal contaminat:ion control device.

Toxic Chemical Decomposition Studies

The 113t of chemicals provided by NASA included liquids
and gaseg such as chlorinated compounds (such as hydrochloric
acid, trichloroethane and chlorine), organics (such as Yenzene),
and others. The HBP system has been tested against several
ccmpoundg including cyanogen chloride (2), phosgene (3) and
benzene (4). These test gases allow the contamination control
capability of the RBP to be extrapolated to many chemical groups.
Each gas's decomposition results reveals an important attribute
of the RBP system. The efficient decomposition cf cyanogen
chloride demonstrated that the RBP did not exhibit the
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character:stic polsoning mechanisms of catalysts. Add:tionally,
the phosgene resuits i1ndicated that the RBP utilize- low

vemperatures (around 150 degrees C) and its performance does not
iogvad: guiskly. ALSS, any aydrechioric acid rormed was converted
~¢ sr.rr.ne (as expecwed from a .ow temperatlure procescs!.
Sina..v. -oe benzene TestinZ showed that tha2 KEr can easily
decompose orfanics f_.Oowing Ln ar alr zt%ream. The ma.n reaction
srceduscns from ~hese decomposizion studies incluce carbon dioxide
arnz wa-=er, sa.ts, and sma.. amsunts of ac:i:d gases (inc.uding
na.:42ns :rom she parent compounds and nitrogen diox:ide from the
air swream: The R3F has demonstrated the potential as a low
temperarure, efficient and universa! decomposition system for
hazarcdous compounds 1n a fiow:ng a.r stiream.

Aerofol Processing in RBP

Particuiate materials on NASA's Contamination Control
115t 1nc.ude Poiystryene Latex Spheres, microbes(which might
:nciude Baci.lus Globig. spores and T-2 =mycotoxin), and
sem:conductor processing aerosols. The Reactive Bed Flasma (RBP)
reactor combines electrostatic precipitation with a packed bed to
form a new aeroso. filtration device. The testing of the RBP
with To.ystryene Latex spheres revea.ed that the RBF was a more
efficient filter than for the empty plasma reactor (electrostatic
precipi%ator) or a single packed bed (5). The biological aerosol
chal.enges of the RBP including Bacillus Globig: spores (a heat
resi1stant s:mulant for pathogenin species) and T-2 mycotoxin
demonstrated efficient deactivation and decomposition,
~espectively (6). The XBP could become an ultrafiltration device
~#1th the 1incorporation of a ceramic High Efficiency Particulate
Aerosol (HEPA) filter. Therefore, the RBP has the potential to
become an aerosol filtration device for rany applicaticns.

Post-treatment of RBP Effluent

The requirement to neutralize any products found in the
reactor effluent will be undertaken i1n the post-treatment section
of the RBRP system. Two approaches of removing the reaction
products are packed beds and gas separation membraneg. First,
packed beds consisting of reactive material c¢oated onto alumina
support spheres has demonstrated the efficient removal of
nitrogen dioxide and chlorine. This packed bed system will
undergo additional testing. Next, sSome contamination control
applications would allow a gas separation membrane to separate
products to undergo further treatment i1n a scrubber solution.
Since post-treatment burdens for contamination control are
minimal, the solutions suggested may be adequate.

Contamination Control Approach Utilizing an RBP

The Reactive Bed Plasma (RBP) system has demonstrated the
capability of efficiently processing many of the chemicals
suggested by NASA. The ability to process liquids will require
vaporization of the contaminate materials. This phase change may
require the use of heat and air to i1ntroduce the hazardous
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mater:.a. .nto the RXEF. Alternately, waste gaser can be procescsec
direcsly Additiona. work i3 required %o meet the -.irinfent size,
we.fht anc veolume consiraints of the Space Stati:on

Never+the.es3, 1% s Deiirevad that the Reactive Bed Plasma system

o dire )
e ]
[«
-
.
O
3 m

de contaminat:ion con many applications.

Summary

The heactive Bed Plasma (RBP) system has demonstrated :ts
uynique capab:iiit:esg tvo decompose toxic materilals and process
hazardous aeroso.s. The post-treatment requirements for the
reacvion products have possible solutions. Although additional
worx 135 required to meet NASA requirements, the REP may be able
to meet Contamination Control problems aboard the Space Station.
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